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The reproductive interests of males and females
usually differ, resulting in sexual conflict. Recent
studies in which experimental selection trials were
carried out under conditions of either ‘high’ or ‘low’
sexual conflict show that conflict can promote
speciation and reduce female reproductive success.
Although the two sexes need each other to enjoy the
evolutionary benefits of sexual reproduction, the
reproductive aims of males and females are rarely in
accord. In most taxa, the potential reproductive rate
differs markedly between males and females as a
result of the divergence in their gamete traits. Sperm-
producing males tend to have huge reproductive
potential and are limited by the numbers of mates they
can fertilize; selection therefore acts on males to mate
multiply and realise their evolutionary potential. In
contrast, ova-producing females are reproductively
limited, not by matings, but by the number of offspring
they can produce; because mating has costs, females
are selected to mate discriminately. These different
reproductive aims can oppose one another, but must
resolve into a mating pattern that consequently
generates sexual conflict [1]. Selection experiments on
the fly Sepsis cynipsea [2–4] have begun to reveal the
importance of sexual conflict, both as a potential cost
to reproduction and a possible engine of speciation;
the latest installment [4] is reported in this issue of
Current Biology.
As I write this dispatch, the spring weather is warming
up, and on the University of East Anglia campus many
species are going into active reproductive mode.
Mallard ducks (Anas platyrhynchos) on the university
lake provide a striking example of sexual conflict, as
males constantly harass females into mating at a rate
that benefits selfish male interests, but is harmful to
females. Females are sometimes drowned during ardent
male mating attempts. This is one overt example of a
mating pattern that exhibits conflict, but the reproduc-
tive costs for females as a direct result of selfish male
interests can span a broad continuum [5], from death
and injury, through parasite transmission and infanticide,
to increased predation risk and reproductive time
wasting, or at least fertilization by males with non-pre-
ferred or low-quality genotypes.
In addition to costs sustained as a consequence of
selection on males to mate multiply, females can suffer
costs as a result of male–male competition. If males
achieve higher mating frequencies, they expose them-
selves to direct or indirect selection from sperm com-
petition. Male adaptations to sperm competition can be
harmful to females: for a male it is more important to
win more fertilizations, even if that is at the expense of
reducing the female’s total reproductive output. One
well-studied system [6] involves the accessory gland
substances inseminated by male Drosophila
melanogaster. Seminal fluid products from the male’s
‘main’ cells benefit his reproductive interests, because
they induce female sexual non-receptivity, stimulate
oviposition and destroy rival sperm in the female repro-
ductive tract. But main cell products are toxic to
females and induce elevated rates of female mortality
which is costly for females, but benefits selfish male
reproductive aims.
This sexual antagonism between the sexes within the
majority of mating patterns therefore generates an evo-
lutionary ‘arms race’ in which males evolve adaptations
that benefit their own reproductive interests, and
females then evolve counter-adaptations [7]. A good
example might be selection on males to evolve genitalia
that deposit spermatozoa closer and closer to the
ovum, perhaps as a result of sperm competition. In
contrast, females might be selected to exert some
post-copulatory control over sperm management to
allow discrimination. 
Such an ‘arms race’ would involve dynamic adaptation
and counteradaptation between male genitalic and
female tract architecture as males evolve more efficient
sperm-transferring structures and females counter-adapt
with more complex reproductive tracts. Such dynamic
antagonism might explain the enormous diversity we
observe between species in such structures [8], while
naturally selected traits are more evolutionarily inert. A
related biochemical example lies within sperm:egg
recognition systems using reproductive proteins. These
molecular structures are the fastest evolving proteins
known, suggesting that antagonistic dynamism between
sperm and egg generates such rapidly evolving traits [9].
Sexual conflict therefore clearly exists. More recently,
this phenomenon has been proposed to have much
wider relevance as a key component in speciation and
the evolution of biodiversity. Speciation occurs when
taxa become reproductively isolated, and evolutionary
theorists have proposed sexual conflict to be an inher-
ent driver within reproductive isolation, when popula-
tions have first become separated (allopatry). Two
theories [10,11] have been posited to describe this
effect, with quite different expectations. The first [10]
argues that higher levels of conflict will constrain
speciation, because mating patterns in which males are
‘winning’ reduce the potential for females to evolve
mate-choice avenues of speciation. Reproductive isola-
tion is thus prevented from evolving, because  males
keep re-diluting the female trait-preferences — whatever
they may be — that might lead to reproductive isolation.
The Trinidadian guppy (Poecilia reticulata) provides a
good example system in which such forces might be
operating [12]. Guppies exist in isolated river pop-
ulations showing quite different female mate-choice
preferences for male coloration. Despite geographic
isolation and local variance in female reproductive 
preference, however, there has been no reproductive
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isolation between populations. The guppy has an
apparently high-conflict mating pattern, with males con-
tinually harassing females, including forced insemina-
tion. This overriding of female mate choice criteria could
be an example in which sexual conflict prevents repro-
ductive isolation, and hence speciation, from occurring. 
The second theory [11] predicts that, when conflict
levels rise, the elevated sexual antagonism enhances
the probability of speciation. Different populations may
therefore reach reproductive isolation more quickly
under conflict, because the faster rate of adaptation
and counteradapation leads to more dynamic changes
in the male:female reproductive connection. As the
male:female connection diverges, there is increased
probability that it will change to a point at which the
population becomes reproductively incompatible with
its original population, and a new species is formed.
These two important theories have received some
comparative attention [13,14], with mixed results. A par-
ticular problem in addressing the sexual conflict and
speciation question is that it is extremely difficult to
quantify relative levels of conflict between taxa, and
there is the obvious important confound arising from
the recognised naturally selected forces of speciation
which will vary widely between different species with
different ecologies. Recent work [2–4] on an experi-
mental system has allowed a more controlled and
direct approach that overcomes the inherent confounds
of cross-species comparisons.
Oliver Martin, David Hosken and colleagues [2–4]
have used as their model for investigating the
evolutionary consequences of sexual conflict in the
dung fly Sepsis cynipsea, a European dipteran which
oviposits in animal dung. This fly is a species in which
sexual conflict [2] could be important: males have gen-
italia with chitinous spines that can scar the female
tract, and females have evolved a shaking behaviour
that attempts to prevent male mating. Moreover,
females show increased mortality when they are mated
more frequently. Having demonstrated the potential for
mating costs and conflict, Martin and Hosken [3] con-
ducted a large artificial selection experiment in the lab-
oratory in which they maintained lines of flies under
three different levels of sexual conflict.
Conflict was experimentally varied by manipulating
the densities of reproducing adults: ‘high conflict’ lines
contained 500 reproducing males and females per gen-
eration, while ‘low conflict’ lines contained 50 adults per
generation. ‘No conflict’ lines were maintained as single
males with single females under a monogamous mating
pattern. This design allowed the experimenters to
measure controlled ‘evolution’ in the laboratory under
varying levels of sexual conflict, without the confounds
of differences in ecology, and using individuals that
were derived from the same wild population. 
After 35 generations across 2.5 years, Martin and
Hosken [3] examined what had evolved in the different
lines and found strong evidence that sexual conflict had
significantly influenced female mating behaviour. Ele-
vated levels of sexual conflict had led to the evolution
of increased female discrimination at mating: females
from the ‘no conflict’ lines were most willing to mate,
while females from the ‘high conflict’ lines were least
willing. In addition, females were even less willing to
mate with males from different conflict lines, providing
direct evidence for conflict driving more discriminant
female mate choice. This discrimination, which can be
readily measured in S. cynipsea as a stereotypical and
violent shaking behaviour, is evidence for incipient
behavioural reproductive isolation, one recognised
route for the origin of speciation.
Martin and Hosken’s selection experiment [3]
therefore provided direct support for the theories [11]
and comparative evidence [13] that sexual conflict can
promote speciation. Another piece to add to this
evolutionary puzzle is presented in this issue of Current
Biology [4]. While mating in S. cynipsea seems to gen-
erate costs to females, it is essential to demonstrate
clearly that lines evolving under experimentally elevated
conflict levels do actually translate into measured
reproductive costs for females, and therefore sexual
conflict. Martin and Hosken [4] continued the selected
lines further to 44 generations, and found exactly the
same differences in female willingness to mate under
‘no’, ‘low’ and ‘high’ conflict as in the original 35 gener-
ation study [2,3]. They also found that the level of
sexual conflict in each line determines the level of cost
to female reproductive potential. ‘High conflict’ lines
showed significantly reduced female longevity after
mating, and reduced lifetime reproductive success in
terms of offspring number; ‘no conflict’ lines showed
longer lifespan and greater offspring production of
females after mating. These results show that sexual
conflict can generate a ‘fitness load’, so that increased
sexual selection and conflict leads to reduced female
reproductive output [3].
Martin and Hosken [3] suggest that either the high
conflict lines had evolved males that were more
harmful, or in those lines females had become less
resistant to male harm. It seems more likely that the
former would be true, given that both sexes were
selected to achieve maximal reproductive success in
each generation. The specific laboratory environment
may have allowed males to ‘out-evolve’ females under
these conditions. One way to examine which sex
generates the effect would be to reciprocally cross
males and females from different conflict lines and
examine the resulting female reproductive output and
longevity. If the more negative reproductive load under
conflict is male-driven, then one might predict the effect
to be even greater when crossing ‘high conflict’ males
with ‘no conflict’ females, that have apparently evolved
relaxed resistance to male harm. 
A similar reproductive load effect has been
demonstrated in Drosophila melanogaster, except that
in this case, the experimenters [15] relaxed conflict
from the normal mating pattern by enforcing
monogamy. The resultant ‘monogamous’ lines were
able to achieve greater reproductive output than
‘normal’ lines with high male–male competition and
conflict. Of course, individual reproductive success
depends on whether your offspring are successful
reproducers, and beyond. That total fitness is deter-
mined by both number of offspring and their genotypic
and phenotypic quality in the face of both intra-specific
and inter-specific competitive pressures. Future studies
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might therefore measure female reproductive output
under variant levels of sexual conflict and selection in
the longer-term, and under more ‘natural’ conditions.
This approach will be a further piece in solving the
puzzle of whether sexual conflict is always evolutionar-
ily costly for females, or sometimes represents a short-
term direct cost for a long-term genetic gain.
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